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® Alignment and Phasing System (APS)

o Sensor responsible for measuring the pre-adaptive optics
wavefront quality

o APS (and AO) team uses MBSE with SysML to analyze
requirements, produce design, and perform analysis
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s | (TIMING, POWeET,

Jpdate Requirements | |

3 «Explanations
proxy ports 5 . =
PEAS2M1CSO0ut APS to M1CS interface «blocks | Duration Explanation Tgx! = AES shall be able to perform on-axis
PEAS2TCSIn On-axis alignment maximum time for Post | e ———— 1 s|alignment in less than 120 minutes (at a -
PEAS2TCSOut Segment Exchange JPL analysisDriver : Analysis Driver single elevation angle) when all optics are
PEAS2ESWin s | wilhiq lhe_ post-segment exchange y
FEpSZESWOut postSegXchgTimeLimit second = 7200{unit = secondid Epecrcalions

PEAS2M1CSIn TMT ID = REQ-2-APS-0016"

[
[}
[
APS2Userin | |
2 APS2UserOut ! | | T«sansfy» E rro rS, T )
«constraints | | |
PostSegmentE xchangeTimeConstraint | [
3 S Tha) ‘ alysess | APS Miss:::i:k;mepnul
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maxTime: Real o | | |aPSO; Blackbox APS C. fredefnes aPS Operational Blackbox JPL}
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T Final : Real PostSeg Xchg Tme Limit :  Post Segment Exchange : Off Axis Off Axis Map RB Dit : Integer Phambm:
ond Post Segment Exchange Measurement Ponts : Integer Integer
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NFIRAOS

Analyze Realization
Design/Specification
5

Max duration Post-segment exchange: #280s-5000s
Number of exposures of 45s # 6 e
Max peak power consumption in dome:=8-5kw 8.1lkw

Number of motors with 50W 40 12 Integrated, Executable System Model

© 2018 California Institute of Technology. Government sponsorship acknowledged.




Thirty Meter Telescope

TMT specification by
handed to JPL
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® APS interfaces with various bdd [Package] ICD [ SyshL Inerface Example ]

other TMT subsystems fpesste O
. hhimsum{?pe;xﬁ}ma
® [n TMT, interfaces between kel
subsystems are centrally g Switch Ffor AleeTypo: Fiter)
. ° --fﬂl w LA
managed in a dedicated y &
system (TMT ICD database) —

® |nterfaces can be modeled R
in UML / SysML, but no S camer s

formal link exists between
interfaces and behavior in UML / SysML (semantic variation point)

® |dea: static interpretation of subsystem interactions, extract interfaces

® Can we derive interfaces from behavior to verify change controlled
interfaces & even generate ICDs? =2 Focus on software interfaces
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APS is broken down
into several
components

Interfaces
e RSN between
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| system model
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Behavior of all
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((act [Activity] Take SH Exposurd] Take SH Expasure])

|
Post-Segment Exchange Ali avalueTypes .
e ) ( — | dit: Integer |
inifTimes Coarse Tilt Alignment Finished / diffTime | Broad Band Phasi
‘——) do / Coarse Tilt Alignment — do / Broad Band Ph Pavl oad m m
: P

(‘act [Activity] Goarse Tilt Alignmer SH_Take_exposure_Cmd

— G data On Port = | PEAS2SHOU /' Sh_Take_exposure_Ack <
. | |
| |

H

I
' Use of SysML Signals fq
message exchange

only acquire new star, don't guide. no
PIT tracking

guide on cu
tracking

-
o=

' Correcting Rigid Body and Segnent'
Figure Iteration 1

= TBD: Get SH Ima,

do / Rigid Body and Segment Figure correction back; output sgalj
Infout for F&I; Calt wmse
based on map & ref | |

| Narrow Band Phasing
do / NarrowBand Phasing -~ —

Search Pattern Configuration_

{ kot > S d1] { .-,.z..':::c: J

Operational behavior
captured with state
machines and activity
models
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T waitt 8 SH CCD Temperture_Q uenReturn CCD Temperature
. CC_SH_Cmd_Completed 1do I SendAck_CCD_temperature

———————Select SH_PupilMask_Crd Change Pupil Mask
wait2
entry / processMask
CC_SH_Cmd_Completeg

120 / send_Ack_Select_PM

|’ act [Activity] Take SH Exposurd Take SH E)q:osure!J
[
wvalueTypes .

dit : Integer | R e == e EEEES
wait3 %H_Take_exposure_cmd Take Exposure
: _SH_Cmd_Completddantn]/ processE xposure
p| 1| SH_Take exposure Cmd " Take_exposure_Ack | =R aendAck_Ta7_E xposure
H On Port = 1 PEAS2SHOUt ;
I |

| | \\ ("act [Activity] SendAck_Take_Exposure] SendAck_Jake_Exposure JJ

A
| " SH Take Exposure
é | fditSetup s. ditSetup s}

| y {10&.10;}
W
Use of signals sent over ports to NS~ 100 SEPEASOE )
simulate a message passing v

CC_SH_Cmd_Completed3
Same mechanism across
subsystems! (e.g., APS to M1CS)

© 2018 California Institute of Technology. Government sponsorship acknowledged 8

mechanism between components




IR
T™MT

Thirty Meter Telescope

Extracting So

® Focused on extracting software
commands, events, parameters

O Basis: signal exchanges

0 Transformation written in Java

o Not extracted: publish frequency,
timing, error handling, data ranges,

protocol details

ICD Concept SysML Construct

Component Block

Interface (Declaration) |Port, Connector
Protocol State Machine, Activity
Command Signal

Subscribe Event Signal

Publish Event Signal

Parameter Property

Returned Data Property

Data Type Value Type, Block

[

Select Components ]

/ Find Signals Sent Between \

Components

Find Ports

v

Find SendSignalActions Sending on
Collected Ports

v

v

Find Signal Triggers in Opposite Cmpt.

v

\ Get Intersection of Sets of Signals /

A\

y

\ 4

[ Extract Names ] [

Extract ]

Parameters
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1 subsystem = M1ControlSystem
2 component = default

3

( ) 4send = [

o 5 {
Extract ICD Information 6 ...
7 ¥

\ J 2]

°

\ 4 10 receive = [
4 N\ 11

Generate TMT ICD 12 {

. 13 // Message / signhal name: Set WH Strain Cmd
Database F|Ies 14 /7 Tar'get state: Setting WH Strain
J/ il name = "Set WH Str'a'm Cmd"
16 description = """'
17 args = [
s ) 18 {

Compare Extracted to 19 name = segment

20 description = """"""
Actual 21 type = integer
\ J 22 }
23 {
24 name = strains
25 description = """"""
26 type = array
27 dimensions: [21]
. 28 items = {
Comparison was performed 29 type - float
30 }

manually — however, there is 31 }

32 ]

potential for automation =

357

Generated ICD/API definition (in
HOCON, TMT ICD Database Schema)
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desmeiption o mhnnnn

PDF

1 subsystem = MiControlSystem

2 component = default

3

4send = [

5 1

6 ...

7 ¥

8]

9

10 receive = [

noo.

12 1

13 // Message / signal name: Set WH Str °
14 /7 Target state: Setting WH Strain
15 name = "Set WH Cmd"

16 description =

17 aras = [

18 i

19 name = segment
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<« C’,' @ !.-iecur;a htt‘ps;ﬁfl‘;lm
VE TMT-org Switch Org

Project: TMT

® @& | B + @ ®©pocus

Filter items in the tree

~ [ TMTICD: APS to M1CS (DRA
« [ 1 Introduction
I 1.1 Background
B 1.2 Scope
I 1.3 Document Outline
I 1.4 Applicable Docume
I 1.5 Reference Docume
B 1.6 Abbreviations, Defil
« [ 2 Summary Of Interfaces
I 2.1 Location
B 2.2 Optical Interfaces
I 2.3 Strucutal and Mect
I 2.4 Access and Handlit
B 2.5 Communication, Sc
B 2.6 Electrical Power Int.

1 Introduction

1.1 Background

s.openmbee.org/alfresco/mmsapp/mms.htmi#/projects/PROJECT-d94630c2-576¢c-4e... ©Ov + 0O o

Document Last Modified: 8/31/17 8:54 PM

TMT ICD: APS to M1CS (DRAFT)

e

Q UAT  Help ~ s
Branch: master

Z & O |} 8 LEXPORT-

View Editor /
OpenMBEE
using OCL
Model Queries

~|elo]a]e
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activity ICD Extraction Method [ @ ICD Extraction Melhodﬂ

«CollectionAndFilterGroup» |~~~ """ 1"’
: ICD Extraction for
ChildA

th

r «TableStructure
l(litles ="Commands sent from Child A to Child B"}
-
|

3 System (TMT.TEL.CONT.ACS) to the Primary Mirror
11CS) Interface Control Document.

S

ICDMod3[ - ICDMod3 ]

«CollectByExpression»

Collect Ports on ChildA and any (direct)
children of ChildA

{expression = "Class.allInstances()->any(c | c.name =
'ChildA').ownedPort->union(Class.allinstances()->any(c
| c.name = "ChildA').ownedAttribute->select(c | c.type
<> null and c.type.ocllsTypeOf(Class))->collect(c |
\c.ocIAsType(CIass).ownedPor()—>ﬂalten(}>asBag())“)

]

( «CollectByExpression»
Get Signals on Port
{expression = "SendSignalAction.alllnstances()->select(s

11
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Taking Snapshot ) . . .

( . . . . . . . .
wait4 Take Snapshot Cmd % o / SendAck_TakeSnapshoty, I,....
\ N
m1CS_Complete4 \ : . . . . . . . . .
\ N R

Take SnapshotCmd ™~ - Take Snapshot Ack L
T et e— .. On Port = | _IPEAS2M1CSOut /

..... : Send Segment PTT | :saveMics | ) = e e =
h! — _ Configuration : X
: th
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APS-M1CS ICD

setCalibCoeff | __—

SysML Model

getCalibCoeff

Unused commands:
specified in ICD, not
used in SysML model

offsetSegment

Move Segment PTT Cmd

saveCalibCoeff

Inconsistent

offloadSensorOffsets

offloadSensorOffsets Cmd

_—| naming schemes

saveSensorReadings

Take Snapshot Cmd

genCalibCoeff

calibrateWarpingHarness

Calibrate Warping Harness Cmd

Required human

readWHStrain

setWHStrain

Set WH Strain Cmd

interpretation to find

offsetWHStrain

correspondences!

setWHPosition

Move Segment WH Cmd

offsetWHPosition

Turn WH On Cmd

Unspecified

Turn WH Off Cmd

commands

© 2018 California Institute of Technology. Government sponsorship acknowledged.
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m1lcs.health

MAPS-M1CS ICD SysML Model

m1lcs.alarm

P =

Large number of
unused events —

m1lcs.status

m1lcs.actuatorPositions

mlcs.sensorHeights

m1lcs.sensorHeights Cmd

mlcs.sensorGaps

incomplete model?

Inconsistent

mlcs.pistonTipTilt

Get Segment WH Pos Cmd

m1lcs.servoErrors

m1lcs.pistonTipTiltTarget

mlcs.outerLoopCtrlICmds

mlcs.segmentStatus

Get installed_Segment_Query

mlcs.warpingHarnessStrain

Get Segment WH Pos Ack

mlcs.warpingHarnessStatus

mlcs.purgeSystemStatus

m1cs.ctrINetworkStatus
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naming scheme

Due to limited
language vocabulary,
could not differentiate
between commands
& pub/sub events!
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APRSEIVIHIGES?

Palrainelers

Parameter names do
not always match

py’

Some p
missing

arameters

ICD Command / Event

“\_ ICD Parameters

Extracted Parameters

Name \ Type Name Type
offsetSegment actuatorOffset \l492x3]
saveSensorReadings type [ALNSNED, DIAGNOSTIC]
metadata string \
offloadSensorOffsets segmentLocation integer \ Segmentlocation  [Integer
calibrateWarpingHarness motor number integer \ motorID integer
segment integer segment integer
setWHStrain segment integer segment integer
strains float [21] strains float [21]
setWHPosition segment integer p double
position integer [21]
mlcs.sensorHeights heights float [2272]
mlcs.warpingHarnessStrain strain float [492x21]
mlcs.pistonTipTilt pistonTipTilt float [3]
mlcs.warpingHarnessStrain strain float [492x21] A |p double

Mismatched parameters

L
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® Possible to extract core software interface information: some
information could not be extracted (timing, frequencies, etc.)

® Detected many discrepancies between specified interfaces, and
actual interface derived from specified behavior
o Discovered use of outdated versions of APIs / interfaces, and use of
non-existent API calls

© Some differences may be result of wrong assumptions on what
component performs function (e.g., storing of actuator position data)

© Discrepancies have impact on timing and other resources, and affects
whether or not requirements are satisfied
® Need better interface mgmt. in MBSE with SysML applications

© Semantic variation points in UML / SysML
o Native SysML vocabulary not sufficient to differentiate between pub /
sub events and command invocation = need vocabulary extensions

© 2018 California Institute of Technology. Government sponsorship acknowledged.
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Open Source TMT model: https://github.com/Open-MBEE/TMT-SysML-Model
A Practical Guide to SysML, 3" Edition, Chapter 17 by Friedenthal, Moore, and Steiner

OMG Unified Modeling Language (OMG UML) 2.5.1 Specification:
https://www.omg.org/spec/UML/2.5.1/

OMG Systems Modeling Language (OMG SysML) 1.5 Specification:
https://www.omg.org/spec/SysML/1.5/

Karban, R., Dekens, F. G., Herzig, S., Elaasar, M., and Jankevicius, N., “Creating system
engineering products with executable models in a model based engineering
environment,” Modeling, Systems Engineering, and Project Management for
Astronomy VI, SPIE, Edinburgh, UK (2016).

Herzig, S., Karban, R., Trancho, G., Dekens, F., Jankevicius, N., Troy, M., “Analyzing the
Operational Behavior of the Alignment and Phasing System of the Thirty Meter
Telescope,” Adaptive Optics for Extremely Large Telescopes (AO4ELT), Tenerife, Spain
(2017).
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